In the last few years, various case reports have described the utility of short courses of metronidazole (MNZ) or azithromycin (AZM) for the partial or complete remission of drug-induced GO (4) (5) (6) (7) (8) (9) . MNZ is particularly active against anaerobes associated with periodontitis, especially spirochetes (10) , and against Actinobacillus actinomycetemcomitans present in the bacterial plaque (11) . In association with spiramycin, MNZ acquires a high concentration and long half-life in the gingival crevicular fluid, important for the elimination of periodontopathogenic bacteria (3, 12) .
Reported results of the antibiotic treatment of CsA-induced GO are not totally consistent. Wong et al. (4) obtained the complete remission of this GO in four young women with kidney transplant after 1.2 g/day MNZ during 1 week. More recently, Aufircht et al. (13) reported that MNZ treatment produced no improvement in CsA-induced GO among paediatric transplant patients, especially among those receiving adjuvant calcium Background: Drug-induced gingival overgrowth (GO) remains a challenge in periodontics. Partial and total regressions of this GO have been reported after a short course of antibiotics.
Methods:
We conducted a double-blinded controlled randomised study to determine the effect of metronidazole (MNZ) or azithromycin (AZM) on the regression of incipient cyclosporin A-induced GO in 40 adult renal transplanted patients. The quantitation of the GO was performed with Image Digital Analysis.
Results: None of the patients with GO showed complete remission after 30 days. The pretreatment GO index was 0.895 ± 0.16 in the metronidazole treatment group (MNZ group, n ¼ 13), 0.932 ± 0.11 in the azithromycin treatment group (AZM group, n ¼ 14), and 1.073 ± 0.32 in the controls (placebo group, n¼13). At the end of the study (30 days), the GO index score was lower in 54.4% and 62.3% of the MNZ and AZM groups, respectively, and the mean score differences were statistically significant between the groups (0.897 ± 0.28, MNZ group vs. 0.909 ± 0.15, AZM group vs. 1.130 ± 0.3, placebo group, P < 0.05 ANOVA).
Conclusions: A 7-day course of MNZ or AZM does not induce remission of CsAinduced GO, although it acts on concomitant bacterial over-infection and gingival inflammation. channel blocker therapy. On the other hand, AZM treatment produced a decrease in gingival sulcus depths and in lengths of teeth and interdental papillae to the cementum-enamel junction, with patients reporting amelioration in gum bleeding and twothirds of them describing the treatment as at least somewhat useful (14) . Go´mez et al. (6) reported improvement in 27 patients with GO, observing a greater degree of improvement in the patients with lower baseline GO scores.
The aim of the present study was to determine the effect of MNZ and AZM on incipient GO secondary to treatment with CsA (SandimmumÒ, Novartis, Basel, Switzerland) in adult renal transplanted patients by means of a controlled clinical study, using Image Digital Analysis for the quantitation of the GO.
Patients and methods
A double-blind controlled randomised study was conducted in order to determine the effect of treatment with MNZ or AZM in kidney transplant patients with CsA-induced incipient GO. All of the patients were recruited from our hospital. The study received the approval of the Ethical Committee of our hospital.
Inclusion criteria for this clinical study were:
• to be a receptor of a renal transplant;
• to be older than 18 years; • for the time elapsed from the transplant to be > 6 months and < 2 years; • to be receiving CsA;
• to retain at least four incisor teeth in both mandible and maxilla; • to have not undergone professional tooth cleaning immediately before or during the treatment; • to have provided written informed consent to participate in the study. Exclusion criteria were:
• presence of intense acute gingivitis;
• clinical suspicion of allograft rejection, or; • pharmacological interaction between the drugs received and MNZ or AZM. Fourteen patients were excluded from the initial study population of 54 patients (three patients refused to participate in the clinical study; two had intense acute gingivitis; four did not retain four incisor teeth in both mandible and maxilla, and five underwent professional tooth cleaning immediately before the treatment), leaving a final study group of 40 patients, who were randomly assigned to one of three groups by drawing one of three different-coloured balls from a bag. The two experimental groups were: MNZ group (n ¼ 13), who received 250 mg metronidazole 3 times daily for 7 days; and AZM group (n ¼ 14), who received azithromycin 500 mg twice daily for 7 days. A placebo group (n ¼ 13) received one placebo capsule 3 times daily for 7 days. • treatment with calcium channel blockers; • renal function (serum creatinine and creatinine clearance), and; • blood CsA levels. At the beginning of the study, an intraoral photo was taken of each patient, using an F-3 camera (Nikon, Tokyo, Japan) with a 120 mm telephoto lens and ring flash (Nikon), at a constant distance of 0.45 m and using a mouth-opening device. We used 100 ASA black-and-white film (Ilford, Cheshire, UK). The development was done on 13 · 9 grade 3 polythermized paper (Ilford). Thirty days later, the intraoral photograph was repeated in all patients under the same conditions.
The modifications induced in the GO were assessed by means of image digital analysis (IDA). For this purpose, the b/w photographs were digitised using an Agfa Arcus II scanner with Arcus Bonus software (Agfa, Barcelona, Spain). The quantitation was done using the Visilog 4.1 image analysis software (Noesis CORP., Velizy, France) in a Windows 95 environment (Microsoft Corporation, Redmond, WA, USA). The surfaces measured at the beginning and at the end of the study were the gingival area (GA) and dental area (DA). The relationship between them was considered the gingival overgrowth index (GOI ¼ GA/DA), following the methodology previously described by our group (16) . The automatic quantitation of these areas by IDA allowed us to establish objectively the post-treatment modifications.
The data obtained were exported to the RSigma Babel database (Horus, Harware, Barcelona, Spain). The Kolmogorov-Smirnov test was used to determine whether the variables were adjusted to a normal distribution. Once this was demonstrated, one-way analysis of variance tests (ANOVA) and independent means comparisons (Student's t-test) were applied. Tables 1 and 2 show the values and distribution of some of the clinical, analytic and morphometric variables studied. The mean patient age and gender distributions were similar in the three groups (39.1 ± 11 years old in the MNZ group, 41.9. ± 14 years old in the AZM group, and 43.3 ± 10 years old in the placebo group) ( Table 1) . Regarding the renal function at the beginning of the study, the patients of the MNZ group presented significantly higher serum creatinine levels than those of the placebo group (3.64 ± 2.63 vs. 1.60 ± 0.57, respectively, p < 0.05 Student's t-test), which decreased after the 30 days of treatment ( Table 1 ). The serum levels of CsA were similar in the three groups and were within the therapeutic range in all cases (MNZ group 170.5 ± 27, AZM group 178.2 ± 20, placebo group 175.8 ± 29).
Results
The degree of oral health in the three groups was also similar at the beginning of the study. The patients had poor oral health, with medium index values and very wide ranges (plaque index: 51.76%, range 10-100%; bleeding index 54.57%, range 0-100%). The MNZ and AZM groups showed a slight decrease in the oral health index scores after the treatment (mean plaque index: 35.61% and 32.50%, mean bleeding index: 42.45% and 39.40%, respectively), whereas there was no reduction in the placebo group (mean plaque index: 53.23%, mean bleeding index: 56.35%).
The patient distribution according to the initial clinical GO assessment was as follows:
• 32.5%, no clinical signs of GO;
• 45.0%, GO grade 1; • 22.5%, GO grade 2.
• No patient presented clinical GO grade 3 ( Table 2) . At baseline, the overall GOI scores according to the clinical GO were as follows:
• no clinical signs of GO, GOI of 0.838 ± 0.16; • GO grade 1, GOI of 0.945 ± 0.19; • GO grade 2, GOI of 1.117 ± 0.35.
The mean baseline GOI was 0.895 ± 0.16 in the MNZ group, 0.932 ± 0.11 in the AZM group and 1.073 ± 0.32 in the placebo group. After the treatment and 30 days of evolution, the GOI of the MNZ and AZM groups had not changed (0.897 ± 0.28 and 0.909 ± 0.15, respectively), whereas the GOI of the placebo group showed a non-significant tendency to increase. Although there were no differences in the baseline GOI of the three groups, the GOI increase in the placebo group resulted in a statistically significant difference in GOI between each experimental group and the placebo group at the end of the study (1.130 ± 0.3, placebo group, vs. 0.897 ± 0.28, MNZ group and 0.909 ± 0.15, AZM; P < 0.05 ANOVA test) (Fig. 1) . The difference was greater when patients with grades 1 and 2 clinical GO were compared at the end of the study (1.24 ± 0.31, placebo group vs. 0.92 ± 0.32, MNZ group and 0.953 ± 0.26, AZM group; P < 0.05 ANOVA test).
At the end of the study (day 30), the GOI was lower in 54.4% of the MNZ and 62.3% of the AZM groups, whereas it was lower in only 23.1% of the patients that received placebo and with 2.01 ± 2
1.56 ± 0.49
Creatinine clearance (mg%AEmL a smaller difference. At the end of the study, none of the 27 patients in the study with GO showed complete remission.
Discussion
CsA-induced GO occurs in a variable percentage (20-70%) of the patients who receive CsA therapy (1) . Mild or moderate GO was observed in 67.5% of the 40 patients in the present study, who were consecutively evaluated by periodontists > 12 months after the transplant. These data reveal the need to control the patient's periodontal condition, described by Seymour et al. (17) as the only risk factor that the periodontist can influence. The pathogeny of CsA-induced GO has not been fully established but is recognized to be multifactorial, with inflammatory phenomena playing an important role (18, 19) . About 40% of CsA-induced GO can be considered inflammatory in nature (3) and it has been hypothesized that the fibrotic enlargement due to drug therapy is magnified by the oedematous component, resulting in an apparent increase of the clinical GO (3). The gingival lamina propria of transplant patients invariably contains inflammatory infiltrate, despite the blocking of the immune response. The intensity of this CD45-positive infiltrate is significantly related to the severity of the GO (16, 19) , as is also an increase in CD68-positive macrophages in the lamina propria (16) . The macrophages are the main producers of TGF-b1, the cytokine responsible for the fibrous hyperplastic response. In addition, CsA induces alterations in the cytokine profile in gingival tissue and inflammatory infiltrate (increase of IL-1b, IL-6 interleukins) that cause dysregulation of the connective tissue turnover, with a resultant accumulation of matrix components (20) .
Most studies show an association between oral hygiene status and the prevalence and severity of druginduced gingival overgrowth (1). This suggests that plaque-induced gingival inflammation may be important in the development and expression of the gingival changes. The changes in gingival contour seen in drug-induced GO may be at least exacerbated by plaqueinduced inflammation (19) . All of the above explains the better outcomes achieved when there are improvements in oral hygiene alongside the antibiotic treatment. Our outcomes might have been better if we had eliminated local irritants and local inflammation with scaling and oral hygiene instructions, but the aim of our study was to assess the drug effect alone.
Antimicrobial therapy with macrolides plays a prominent role in the treatment of acute odontogenic infections and is also used as adjuvant or prophylactic treatment in the surgical therapy of periodontal infection associated with chronic inflammatory processes (21) . MNZ has been shown to have a pronounced effect on the subgingival microbiota of periodontal lesions in humans and, after multiple doses, to reach a high concentration in the gingival crevicular fluid, in excess of that regarded as the minimal inhibitory concentration for most periodontal pathogens (22) .
At day 0
At day 30 The results of our controlled study on adult patients indicate that MNZ treatment does not induce remission of GO in incipient cases. This finding contradicts the results of a study by Wong et al. (4) , who reported complete remission in four patients with GO, in some cases severe, and control of GO recurrence, using a similar treatment protocol to ours. Their patients may have presented a GO with an exacerbated inflammatory component or one that was not truly drug induced but rather of an inflammatory or gingivitis type in relation to its immunosuppression status. Consistent with the present results, Aufircht et al. (13) reported no improvement in CsA-induced GO among paediatric transplant patients treated with MNZ, especially among those receiving adjuvant calcium channel blocker therapy. Our experiment showed that a short course of MNZ does not induce remission of CsA-induced GO, as demonstrated by the small difference in gingival area comparing the second intraoral image of the treatment group with the first. A reduction in the GOI was obtained in 54% of the MNZ-treated patients, and the mean GOI of the MNZ-treated group was significantly lower than that of the placebo group at the end of the study. These findings probably reflect the antibacterial effect of MNZ, which can be confused with a partial abatement of the progressive clinical course of the GO. MNZ is metabolised by cytochrome P 450 and is eliminated renally, and thus does not interfere with the serum levels of CsA (4). In our patients, the initial creatinine levels were higher than those found in normal subjects and the MNZ group presented an even worse renal function. The creatinine and creatinine clearance values were not significantly changed at the end of the study, indicating that MNZ is not nephrotoxic and does not interfere with the renal function.
Recently published studies used AZM to induce partial and at times complete remission of this GO (6) (7) (8) (9) 14) . AZM is a semisynthetic, acid-stable antibiotic of a novel class of macrolides named azalides derived from erythromycin, which does not affect hepatic cytochrome P 450 and does not modify the pharmacokinetics of other drugs, including CsA (23). The special structure provides acid stability and particular pharmacokinetic properties. Indeed, after oral intake, AZM can be detected in gingival tissue for 7-10 days (21) and AZM concentrations in saliva, normal gingiva and pathological periodontal tissues are 10-100-fold those in plasma, indicating that AZM is retained in these target compartments (24) . Moreover, AZM rapidly penetrates both fibroblast and phagocytic cells, where the concentrations are 100-200-fold those found in extracellular compartments (24) .
Go´mez et al. (6) reported improvement in 27 patients with CsA-induced GO treated with AZM and found that the degree of improvement was better when the GO score was lower. Palomar et al. (7) used AZM to treat 10 renal transplant patients with gingival overgrowth, achieving remission in five cases and an improvement of > 50% in the other five. Nowicki et al. (9) reported the partial regression of severe GO (grade 3) in a renal transplant patient treated with CsA after 3 days of AZM treatment, although a repeat dose after 3 months produced no further regression. None of these studies used control groups but rather simply described the clinical findings, with no exhaustive study of the oral cavity. Nash & Zaltzman (14) reported significant improvements in gingival sulcus depth, tooth length, and gum bleeding after AZM treatment but there was no evaluation of gingival biopsy to confirm modifications in histopathologic lesions or inflammatory status. Unlike these works, our study found only a slight reduction in the GOI of AZM-treated patients, although this was significantly better than the GOI of the placebo group at the end of the study.
We believe that all of the above outcomes could be related to a reduction in the accompanying inflammatory process rather than to a modification of the fibrogenic process in the gingival lamina propria. The IDA quantitation proposed by our group (16) and by Ellis et al. (25) yields a more accurate measurement than does clinical evaluation for the purposes of testing the effects of drug therapy.
At the oral examination, which should be performed by a specialist dentist, a distinction should be drawn between genuine GO and inflammatory processes to avoid confusion in interpreting the real effects of antibiotic treatment. Given current concerns about the excessive use of antibiotics in this and other settings, it is important to minimise the inappropriate administration of these drugs.
In conclusion, a short course of MNZ or AZM does not produce a regression of CsA-induced GO, although it acts on concomitant bacterial overinfection and gingival inflammation.
